The ingestion of raw seafood infected with nematode larvae of the Anisakidae family can lead to gastric anisakiasis. The majority of the infections involve a single larva, however, there have been instances of multiple infection. The incidence rate and the characteristics of multiple infection by Anisakis remain poorly understood. We herein present a case of parasitization by multiple Anisakis larvae and describe 14 cases of multiple parasitization representing the largest reported case series to date. Endoscopists should therefore be aware of the potential for multiple infection by Anisakis and the need for a thorough inspection of all parts of the stomach when encountering such cases.
Introduction
The consumption of raw or undercooked seafood infected with nematode larvae of the Anisakidae family, Anisakis simplex, Anisakis physeteris or Pseudoterranova decipiens, can lead to gastric anisakiasis (1) . Anisakis simplex is the most common cause of infection, while other species are rarely identified (2) . There have been many reports of gastric anisakiasis in the coastal areas in Asia due to dietary habits; however, there has been an increase in anisakiasis reports from all around the world (3) (4) (5) (6) . The most common symptoms of gastric anisakiasis, such as severe epigastric pain, nausea, and vomiting, appear within a few hours after ingesting infected food. Endoscopic extraction of the larvae is the standard therapy to alleviate acute abdominal symptoms and should be performed promptly to remove the larvae (7, 8) . Most cases involve a single larva, and multiple parasitization is exceedingly rare. There are several case reports and a few case series on multiple parasitization reported to date. Due to an increase in the number of cases with multiple parasitization by Anisakis, we reviewed our case series to clarify the prevalence and characteristics of multiple parasitization by Anisakis.
Case Report
A 48-year-old Japanese man was admitted to our emergency room suffering from intermittent epigastric pain that had gradually worsened two hours after eating raw mackerel sashimi. Upon presentation, the patient was alert and his vital signs were unremarkable. A physical examination revealed severe abdominal tenderness without rebound tenderness. There were no other remarkable findings. A blood test revealed an increased white blood cell count (12,800/μL) but the other findings including C-reactive protein level, liver and kidney function tests were normal. An abdominal computed tomography scan revealed marked submucosal edema of the gastric wall (Fig. 1) . Upper endoscopy was performed three hours after the presentation showing three Anisakis larvae penetrating into the gastric mucosa. The first larva was identified in the greater curvature of the lower part of the stomach. The second larva was identified in the greater curvature of the middle part of the stomach. Erosion was seen at the site of penetration. The third larva was also identified in the greater curvature of the middle part of the stomach (Fig. 2) . All larvae were successfully removed using biopsy forceps without additional treatment (Fig. 3) . The abdominal symptoms promptly resolved after the endoscopic treatment. According to a morphologic evaluation, all larvae were iden- tified to be third stage larvae of Anisakis simplex. A retrospective study was conducted using patient medical records from St. Luke's International Hospital (Tokyo, Japan). A total of 108 patients were diagnosed endoscopically with gastric anisakiasis between April 2004 and January 2015. Of those, 12.9% (14/108) patients were infected with multiple larvae. All larvae were identified to be third stage larvae of Anisakis simplex according to the morphological evaluation. The patient characteristics are shown in Table 1 . Nine patients were men, and the median age at the presentation was 47 years (range: 33-61 years). At the time of diagnosis, epigastric pain (14/14; 100%) was the chief complaint in all patients. Upon presentation, most patients were afebrile (13/14; 93.9%) with one exception, in Case 3, where the patient was suspected to have additional infectious sites. In our case series, mackerel was the most frequent source of the infection (10/14; 71.4%). The laboratory findings on presentation to our emergency department revealed mild leukocytosis (white blood cell count, median: 9,300/μL; range: 5,600-13,300/μL), but no evident increase in the C-reactive protein level (CRP, median: 0.24 mg/dL; range: 0.04-11.92 mg/dL) except in three cases, as shown in Table 1 . All patients had normal kidney and liver functions. More than half of the larvae were found at the greater curvature of the body (17/31; 54.8%). All patients were successfully treated by extracting the larvae using biopsy forceps during upper endoscopy and did not require any further treatment.
Discussion
There are several case reports on multiple parasitization; however, there have been few case series reported to date. The prevalence and characteristics of multiple parasitization by Anisakis remain poorly understood. Kagei et al. reported a case of a 58-year-old woman with gastric anisakiasis who presented with epigastric pain and nausea (9) . The patient had a total of 56 larvae, all of which were removed by up- per endoscopy. Daschner et al. reported a case of a 66-yearold man with severe epigastric pain and urticaria; a total of 20 larvae were removed using upper endoscopy (10) . The other previously reported cases also had multiple Anisakis larvae that were endoscopically removed (11, 12) .
We herein presented the largest case series on multiple parasitization by Anisakis. Our case series consisted of middle-aged patients who all presented with acute epigastric pain, a typical manifestation of gastric anisakiasis. Mild elevation in the inflammatory level was the only abnormality found in the laboratory examination. Although mackerel was the most frequent source of infection, this may vary in different regions with different dietary habits. Nevertheless, mackerel consumption may be a risk of multiple parasitization. More than half of the larvae were identified in the greater curvature of the stomach body. These findings support the previous report that Anisakis prefer to penetrate into the mucosa in the greater curvature (13, 14) . The reason for this preference is unknown, however, the gastric mucosa in the greater curvature may provide a good environment for larvae to penetrate the gastric wall.
In addition, we compared the characteristics of patients with single parasitization and patients with multiple parasitization, as shown in Table 2 . There was a significant difference in the presenting symptoms. All patients with multiple parasitization presented with evident symptoms, whereas some patients with single parasitization were asymptomatic when the nematodes were identified in screening or routine follow-up examinations. Although there was no specific clinical characteristic for distinguishing multiple parasitization from single parasitization, we speculate that the more severe the symptoms are, the greater increase in the risk of multiple parasitization. Due to the rare occurrence of multiple parasitization by Anisakis, unexperienced endoscopists may easily overlook multiple larvae. According to the findings of our case series, we believe it may be difficult to diagnose multiple parasitization preendoscopically. In addition, it is often challenging to identify these larvae, especially in the greater curvature of the stomach body, because they are usually hidden between the edematous gastric folds or blend in with the whitish gastric mucosa. For this reason, it is of utmost importance to thoroughly observe all parts of the stomach, especially in the greater curvature, as well as raise awareness among endoscopists regarding the possibility of multiple parasitization in patients infected with Anisakis larvae.
